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Objectives:This study examined the association between prenatal cocaine exposure and
children’s self-regulation at 3years of child age. In addition to direct effects of prenatal
cocaine exposure on children’s self-regulation, we hypothesized there would be indirect
associations between cocaine exposure and self-regulation via higher maternal harsh-
ness and poor autonomic regulation in infancy. Methods: The sample consisted of 216
mother–infant dyads recruited at delivery from local area hospitals (116 cocaine-exposed,
100 non-exposed). Infant autonomic regulation was measured at 7months of age during an
anger/frustrationtask,maternalharshnesswascodedfromobservationsofmother–toddler
interactions at 2years of age, and children’s self-regulation was measured at 3years of age
using several laboratory paradigms. Results: Contrary to hypotheses, there were no direct
associationsbetweenmaternalcocaineuseduringpregnancyandchildren’sself-regulation.
However, results from testing our conceptual model including the indirect effects via
maternal harshness or infant parasympathetic regulation indicated that this model ﬁt the
data well, 2 χ (23)=34.36, p >0.05, Comparative Fit Index=0.95, RMSEA=0.05. Cocaine
usingmothersdisplayedhigherintensityofharshnesstowardtheirtoddlersduringlabinter-
actionsacrossavarietyoftasksat2yearsofage(β=0.23,p <0.05),andhigherintensityof
harshness at 2years was predictive of lower self-regulation at 3years (β=−0.36, p <0.01).
Maternal cocaine use was also predictive of a non-adaptive increase in respiratory sinus
arrhythmia (RSA) from baseline to the negative affect task, but RSA change in infancy was
not predictive of self-regulation at 3years. Conclusion: Results are supportive of animal
models indicating higher aggression among cocaine treated dams, and indicate that higher
maternal harshness among cocaine using mothers is predictive of child self-regulatory
outcomes in the preschool period.
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INTRODUCTION
Maternalcocaineuseremainsasigniﬁcantproblemaffectinglarge
numbers of mothers and their children (Savitz et al., 2002).
Increasingly, studies have indicated that prenatal exposure to
cocaine is associated with alterations in infant behavioral and
physiological regulation. Because cocaine crosses the fetal blood–
brain barrier,it has the potential to directly alter neurotransmitter
systems in the developing fetal brain. Cocaine is known to inhibit
the re-uptake of monoamines at the presynaptic junction, lead-
ing to higher concentrations of norepinephrine, serotonin, and
dopamineinthesynapticcleftandhigherlevelsofactivationinthe
catecholaminergicsystems(GawinandEllinwood,1988;Nassogne
et al., 1998). Regions of the brain that are rich in monoamines
are the very centers involved in regulatory activities and reac-
tivity to stress (Tucker and Williamson, 1984; Robbins, 1997). A
number of human studies have consistently reported signiﬁcant
associations between prenatal cocaine exposure and some aspects
of the regulatory system including both behavioral (Karmel and
Gardner, 1996; Bendersky and Lewis, 1998; Mayes et al., 1998)
and autonomic regulation (Silvestri et al., 1991; Bard et al., 2000;
Schuetze and Eiden, 2006; Schuetze et al., 2009b). Animal models
also indicate that prenatal cocaine alters offspring attention and
arousalregulation(Gendleetal.,2004),disruptsemotionalityand
social behaviors in juvenile and adult offspring (Wood et al.,1994,
1995; Johns and Noonan, 1995; Johns et al., 1998a; Wood and
Spear, 1998; Overstreet et al., 2000), and increases sensitivity to
environmental stressors (Sobrian et al., 1990; Spear et al., 1998).
Takentogether,boththehumanliteratureandstudiesusinganimal
models suggest that prenatal cocaine exposure has the potential to
signiﬁcantly alter the regulatory system.
Onephysiologicalregulatorysystemthatsupportsinfantsocial
behaviors including later self-regulation is the parasympathetic
branch of the infant autonomic system. This system allows for
quick changes in metabolic inputs and outputs from the heart
and facilitates behaviors necessary for social exchanges. Two com-
monly used measures of parasympathetic regulation are vagal
tone or respiratory sinus arrhythmia (RSA), a measure of vari-
ability in heart rate that occurs at the frequency of respiration or
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vagal tone during rest, and vagal reactivity indexed by change in
RSA in response to challenge (Porges, 1991, 2007). In response
to challenge, the vagus acts as a brake to accelerate cardiac and
metabolic output and this may be indexed by a decrease in RSA
(Porges, 1996, 2007; Bornstein and Suess, 2000). Change in RSA
as a response to challenge reﬂects an ability to respond to rapidly
changing environmental inputs, i.e., changes in social signals that
underlie interpersonal interactions (Beauchaine, 2001) and the
initiation of coping strategies to manage affective and behavioral
arousal (Calkins, 1997). RSA change is associated with aspects of
self-regulation such as executive control (Marcovitch et al., 2010)
and externalizing behavior problems (Calkins et al., 2007), with
RSA decrease or vagal withdrawal indicating more adaptive reg-
ulatory functioning. Thus, RSA change in response to challenge
during infancy is likely to be a signiﬁcant prospective predictor of
self-regulation in later years.
There is emerging evidence that prenatal cocaine exposure
may be associated with poor autonomic regulation. However, the
majorityof thesestudieshavebeenlimitedtotheneonatalperiod.
Forinstance,studieshavereportedlowerheartrates(Silvestrietal.,
1991), greater high-frequency power as a portion of total spectral
power indicating an increase in vagal activity (Mehta et al.,1993),
and greater overall heart rate variability (Regalado et al., 1996,
2001) in cocaine-exposed compared to non-cocaine-exposed
neonates. These studies suggest increased parasympathetic activ-
ity during rest among cocaine-exposed neonates. Beyond the
neonatal period, previous results from the current study sample
indicated that cocaine-exposed infants exhibited lower parasym-
patheticregulationduringsleepat4–8weeksof age(Schuetzeand
Eiden,2006),andanincreaseinRSAfromresttochallengeinstead
of themoreadaptivedecreaseinRSAat7and13monthsof infant
age (Schuetze et al., 2009a,b). These altered RSA responses could
thereforeindicatealteredparasympatheticregulationandperhaps
be a predictor of altered self-regulation later in life.
As the child develops after birth, reactive forms of regula-
tion are increasingly supplemented by effortful forms of con-
trol or self-regulation through interactions with the caregiving
environment (Rothbart et al.,1990). Flavell (1977) described self-
regulationasthe“oneofthereallycentralandsigniﬁcantcognitive-
developmentalhallmarksof theearlysocializationperiod”(p.64).
Althoughtherearenumerousdeﬁnitionsofself-regulation,acom-
mon theme is the process of modulating behavior and affect given
contextualdemands(PosnerandRothbart,2000).Althoughregu-
latoryprocessesbegintodevelopintheprenatalperiod,regulation
evolves into a complex and relatively stable self-initiated process
by the preschool period (see Calkins and Fox, 2002; Campbell,
2002). Recently, two related but distinct aspects of self-regulation
in the preschool to early school age period have been delineated,
effortful control and internalized conduct. Effortful control has
been deﬁned as the ability to suppress inappropriate behavior
and perform required or appropriate behavior in response to
environmental demands. Effortful control becomes increasingly
important beyond the second year of life, has considerable longi-
tudinal stability, and predicts externalizing behavior problems at
later age (Rothbart et al.,1994; Kochanska et al.,1997; Kochanska
andKnaack,2003;Eisenbergetal.,2005a).Internalizationof rules
of conduct has been deﬁned as regulated or appropriate behavior
in response to contextual demands even in the absence of surveil-
lance(e.g.,Kopp,1982;MaccobyandMartin,1983;Kochanskaand
Aksan,1995). The normative change from external monitoring of
childbehaviortomoreself-regulatedbehaviorevenintheabsence
of close supervision is the result of developing internalization of
rules of conduct.
A variety of factors may disrupt the development of self-
regulation. Primary among these is the quality of parenting or
caregiving. A number of parenting dimensions have been exam-
inedintheliterature,andthepatternofresultsindicatethatseveral
different aspects of parenting prospectively predict the develop-
ment of self-regulation (see Eisenberg et al., 2004; Calkins and
Hill, 2007, reviews). Intrusive, hostile, punitive, and/or directive
parenting styles have been uniformly associated with poor self-
regulation among children,while warm,supportive parenting has
been associated with more optimal self-regulation (see Eisenberg
et al.,2004). One aspect of parenting that may be particularly sig-
niﬁcant among CE children is maternal hostility or harshness.
Cocaine using mothers are more disengaged and passive dur-
ing mother–infant interactions in the neonatal period (Gottwald
and Thurman, 1994); are less ﬂexible and engaged during feed-
ing interactions (LaGasse et al., 2003); have lower responsiveness
and enthusiasm in later infancy (Burns et al., 1991, 1997); are less
emotionally engaged in the toddler period (Molitor et al., 2003);
usefewerpositivereinforcementsandmorethreatsof physicaldis-
cipline in the toddler/preschool period (Bauman and Dougherty,
1983);displaymoreharshnessoraggressionduringdifferentlabo-
ratory based interactions at 2years of age (Eiden et al.,2011); and
are more hostile and intrusive in a structured teaching situation
at 3years of age (Johnson et al., 2002). Higher maternal hostil-
ity or harshness toward the child has signiﬁcant implications for
the development of children’s self-regulation (see Eisenberg et al.,
2004, review).
A number of studies on alterations in maternal behavior as
a function of cocaine use have used animal models. Treatment
with a constant moderate dose of cocaine throughout gestation
results in rat dams being less attentive to their pups. Behaviors
that are altered in cocaine treated dams compared to saline con-
trolsarethoseimportantforthepups’survivalincluding:nursing,
licking, and touching pups, spending time with pups and prepar-
ing nests for them. These deﬁcits in maternal care are especially
prevalent during the early postpartum period (Zimmerberg and
Gray,1992;Johnsetal.,1994,1998a;Kinsleyetal.,1994;Vernotica
et al., 1996), have been shown to disrupt maternal care following
both acute and chronic moderate cocaine doses (Vernotica et al.,
1996; Johns et al., 1998a; Nelson et al., 1998; Lubin et al., 2001),
and can also be found following direct administration of cocaine
to brain nuclei implicated in the regulation of maternal behavior
(Vernotica et al.,1999). Gestational cocaine treatment also results
innon-protectiveoroverlyaggressivebehaviortowardanintruder.
Even in the presence of a submissive home cage intruder, dams
exposed to cocaine, exhibited more non-adaptive and compul-
sive aggressive behavior than saline controls (Heyser et al., 1992;
Johns et al., 1994,1998b). Additionally, young adult mother rats
that were reared by cocaine treated mothers or were gestationally
exposed to cocaine,subsequently exhibited heightened aggression
toward non-threatening intruders with no correlated increase in
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pup contact or care. These ﬁndings indicated an intergenerational
effect in maternal aggressive behavior based on either, cocaine
exposure or postnatal environment (McMurray et al.,2008).
Results from a number of studies support the association
betweenmaternalharshnessandself-regulation.Motherswhodis-
play higher verbal or physical harshness toward their children use
thesepunitivemethodstocontrolbehavior.Maternaluseofpower
oriented discipline characterized by high punitive or aggressive
control and low positive affect is universally detrimental to the
development of children’s self-regulation (Baumrind, 1971; Mac-
coby and Martin, 1983; Kochanska and Knaack, 2003). The asso-
ciation between maternal harshness during mother–child interac-
tions and children’s self-regulation may reﬂect modeling of poor
self-control, some aspect of temperamental risk transmission, or
a combination of both.
Thus,in addition to potential direct effects of prenatal cocaine
exposure on children’s self-regulation, there may be two indirect
pathwayslinkingmaternalcocaineusetochildren’sself-regulation,
one via the association of maternal cocaine use and higher mater-
nal harshness, and the other via poor parasympathetic regulation
in infancy. The purpose of this study was to examine a conceptual
modeltestingtheseindirectassociationsbetweenmaternalcocaine
use during pregnancy and children’s self-regulation at 3years of
age. Given the association between maternal cocaine and other
substance use such as cigarettes and alcohol, the model tested
in this study included amount of cigaret and alcohol use dur-
ingpregnancy.Boyshavebeenfoundtohavelowerself-regulation
comparedtogirls,andthedirectandindirectassociationsbetween
maternalcocaineuseandself-regulationmayvaryasafunctionof
child gender. Thus, we hypothesized that child gender may serve
as a moderator of these associations, such that the associations
between cocaine exposure and children’s self-regulation may be
stronger for boys compared to girls.
MATERIALS AND METHODS
PARTICIPANTS
The sample consisted of 216 mother–infant dyads participating
in an ongoing longitudinal study of prenatal cocaine exposure
(116 cocaine-exposed or CE, 100 not cocaine-exposed or NCE).
An outreach worker on the project staff recruited all participants
after delivery from two local area hospitals. Mothers ranged in
a g ef r o m1 8t o4 2y e a r s( M=29.78; SD=5.46). The majority of
motherswereAfricanAmerican(74%),werereceivingTemporary
Assistance for Needy Families (71%) at the time of their ﬁrst lab-
oratory visit (Years 2001–2004), and were single (60%). Of the
216 children, 106 (49%) were male. All families were recruited
from two hospitals serving a predominantly low-income popula-
tion and the two groups were matched on maternal education,
maternal race/ethnicity, and infant gender. The study received
approvalfromthechildrenandyouthinstitutionalreviewboardof
the University at Buffalo. Informed written consent was obtained
fromallrecruitedparticipants.Participantswerecompensatedfor
their time in the form of gift certiﬁcates,checks,and infant toys at
each assessment,with the amount increasing over time. All infant
assessments (birth to 2years) were conducted at age corrected for
prematurity.
Maternal and child assessments were conducted at 4–8weeks,
7,13,24,and36monthsof childage.By36monthsof childage,46
children in the cocaine group and 4 children in the control group
had been removed from parental care and placed in non-parental
care. All assessments were conducted with the primary caregiver
of the child at that time, although for ease of presentation the
terms mother and maternal are used throughout the manuscript
when referring to the primary caregiver. The primary caregiver
was identiﬁed as the adult who had legal guardianship of the child
and accompanied the child at all appointments.
PROCEDURE
All mothers were screened after delivery for initial eligibility and
matching criteria. Interested and eligible mothers were given
detailed information about the study and asked to sign consent
forms. About 2weeks after delivery, mothers were contacted and
scheduled for their ﬁrst laboratory visit, which took place at the
time that their infant was approximately 4–8weeks old. All visits
consisted of a combination of maternal interviews, observations
of mother–infant interactions, and infant assessments. In the cir-
cumstance of a change in custody arrangements, the person who
hadlegalguardianshipofthechildwascontactedandaskedtopar-
ticipate. Biological mothers were interviewed at the 4- to 8-week
assessment in addition to the foster mother in order to obtain
accurate information about prenatal substance use.
Once a family was recruited into the cocaine group, the clos-
est matching non-cocaine group family was recruited. However,
a signiﬁcantly higher proportion of mothers in the non-cocaine
group declined participation or withdrew before formal enroll-
ment, resulting in a smaller number of families in the control
group. Of the 4,800 women screened at delivery, 340 were eligi-
ble for participation in either group. Of these 340 women, 35%
either declined participation or were not enrolled in the study
becausetheyexpressedinitialinterestbutlaterwithdrew,resulting
in a sample of 220 mother–infant dyads. Of these 220 mother–
infant dyads, 4 were excluded from analyses (two infants were
later diagnosed with fetal alcohol syndrome, one was later diag-
nosed with shaken baby syndrome, and one infant was severely
delayed), resulting in a ﬁnal sample of 216 dyads. Mothers who
participated were more likely to be between 18 and 25years of age
(p <0.001), and were more likely to have a high school or below
high school education (p <0.001), compared to those who were
eligiblebutnotenrolled.Motherswhoparticipatedwerealsomore
likely to be in the cocaine group (with a participation rate of 91%
amongcocainegroupeligibles)comparedtothosewhowereeligi-
blebutnotenrolled.Themajorityof mothersinthecocainegroup
who were eligible but not enrolled in the study had children who
wereplacedinnon-maternalcare.Therewerenootherdifferences
on any demographic variables between those who participated
and those who were eligible but not enrolled or between moth-
ers in the cocaine group who participated compared to those who
did not.
ASSESSMENT OF GROWTH AND RISK STATUS
Three measures of growth were used in this study: birth weight
(gm), birth length (cm), and head circumference (cm). All
measurements were taken by obstetrical nurses in the delivery
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room and recorded in the infant’s medical chart. Research staff
recorded this information from the charts after recruiting the
mother–infant dyad. Medical chart review at the time of recruit-
mentalsowasusedtocompletetheobstetricalcomplicationsscale
(OCS; Littman and Parmelee,1978),a scale designed to assess the
number of perinatal risk factors experienced by the infant. Higher
numbers on this scale indicate lower obstetrical risk. Gestational
age was calculated by dates and extracted from medical records.
IDENTIFICATION OF SUBSTANCE USE
Cocaine status was determined by a combination of maternal
report, chart review, and maternal hair-analysis. Urine toxicolo-
gieswereroutinelyconductedattheﬁrstprenatalvisitonmaternal
urine and/or at delivery (for those mothers who tested positive
prenatally,obtainedprenatalcareelsewhere,ordidnotreceiveany
prenatal care) on infant and maternal urine by participating hos-
pitals. Mothers were included in the cocaine group if self-reports
werepositive,regardlessofurinetoxicologyorhair-sampleresults.
Similarly,mothers who reported that they did not use cocaine but
had positive urine toxicology or hair-samples were included in
the cocaine group. Approximately 90% (n =195) of infants and
mothers in the study had urine samples available for assay and
hair-samples were collected for all participants.
Urine toxicologies consisted of standard urine screening for
druglevelormetabolitesof cocaine,opiates,benzodiazepines,and
tetrahydrocannabinol. Urine was rated positive if the quantity of
drug or metabolite was >300g/ml. Hair-samples were collected
from the mothers at the ﬁrst laboratory visit and sent to the
Psychemedics Corporation for Radioimmunoanalyses (RIAH).
Hair-samples were screened for cocaine followed by a gas chro-
matography/mass spectrometry (GC/MS) conﬁrmation for pos-
itive cocaine screens. Drugs and their metabolites are absorbed
into the hair and can be extracted and measured. As hair grows
at an average rate of 1/2 inch per month, it can record a pattern
of drug consumption related to the amount and frequency of use
(see Baumgartner et al.,1989). Thus,a 2-inch length of hair could
containarecordof approximately4monthsof use,andgivenade-
quate hair length (i.e., about 4–5 inches), use per trimester may
be recorded. Drugs become detectable in hair about 3–4days after
use, a time when cocaine is rendered undetectable by urinaly-
sis. RIAH is the most well-established hair-analysis technique and
has been replicated by independent laboratories across the world
(seeMaguraetal.,1992).GC/MSconﬁrmationsof RIAHhavenot
revealedanyfalsepositivesbecauseof testingerrors(Maguraetal.,
1992). Special washing techniques and data pertaining to kinetics
of washing were used to distinguish external contamination from
intentionaluse.Thesemethodshavebeenveriﬁedbyindependent
investigators to distinguish between passive and active exposure
(see Mieczkowski and Newel, 1997).
Approximately 55% of the mothers in the CE group had posi-
tive urine toxicologies at delivery, and 79% of the mothers in the
CE group had hair-samples that tested positive for cocaine during
pregnancy. There were 23 mothers in the cocaine group who did
not have a positive toxicology result on any biomarker of cocaine,
but all of these mothers admitted to having used cocaine in the
brief self-report screening instrument administered after deliv-
ery. Mothers in the comparison group reported not having used
any illicit substances other than marijuana. They also tested neg-
ative for cocaine or illicit substances other than marijuana based
on urine and hair-analysis results. Additional exclusionary crite-
ria for all mothers were (a) maternal age younger than 18years,
(b) use of illicit substances other than cocaine or marijuana, and
(c) signiﬁcant medical problems for the infant (e.g., genetic dis-
orders, major perinatal complications, baby in critical care for
over 48h). Of the women screened at delivery, 126 acknowledged
using illicit substances other than cocaine or marijuana at the
screening interview and 149 infants had major medical problems.
Thus, a total of 275 women were excluded based on these two
criteria.
The timeline follow-back interview (TLFB; Sobell et al., 1986)
was used to assess maternal substance use during pregnancy and
postnatally. Participants were provided a calendar and asked to
identify events of personal interest (i.e., holidays, birthdays, vaca-
tions, etc.) as anchor points to aid recall. This method has been
established as a reliable and valid method of obtaining longitudi-
nal data on substance-use patterns,has good test–retest reliability,
and is highly correlated with other intensive self-report measures
(Brown et al., 1998). The TLFB yielded data about the average
number of days of cocaine use per week,average number of joints
smoked per week,average number of cigarettes smoked per week,
and average number of standard drinks per week during preg-
nancy. These variables were quite skewed and were transformed
usingsquareroottransformationsbeforefurtheranalyses.Average
number of joints per week during pregnancy was not associated
with cocaine group status (see below), or with the mediators or
outcomes examined in this study. Thus,this variable was dropped
from model testing. Average number of cigarettes per week and
number of standard drinks per week during pregnancy were used
as predictors in model testing. Postnatal substance use was com-
puted by taking the average of number of days used cocaine,
number of cigarettes per week, number of standard drinks per
week,and number of joints per week from the 4- to 8-week,7,13,
24, and 36month assessments.
INFANT AUTONOMIC REGULATION
At the 7-month assessment, the physiological assessment of reac-
tivityandregulationwasrecordedduringa3-minbaselineperiod,
a2-minpuppetshow,a3-mininter-taskintervalandafrustration
task (2min) by examiners blind to infant group status. Infants
were tested while seated in a high-chair. Recording of the physio-
logical data began once the infant was observed to be in a stable,
quiet, alert state. A resting state was induced by having the infant
watch a 3min segment of a neutral videotape“Baby Einstein”(see
Calkins,1997,for similar procedures for inducing rest). Although
this condition was not a true baseline because infant attention
was engaged, it served to keep the infant seated quietly without
eliciting affect, thereby minimizing movement artifact. All phys-
iological data were recorded continuously on-line directly into a
data acquisition computer.
A ﬁve-channel Bioamp (James Long Company, Caroga Lake,
NY, USA) recorded respiration and electrocardiograph (ECG)
data.Disposableelectrodesweretriangulatedontheinfant’schest.
A respiration bellows was placed at the bottom of the ster-
num (xiphoid process) to measure inspiration and expiration.
Frontiers in Psychiatry | Child and Neurodevelopmental Psychiatry May 2011 | Volume 2 | Article 31 | 4Eiden et al. Cocaine exposure and child self-regulation
IBI Analysis software (James Long Company, Caroga Lake, NY,
USA) was used to process the HR data and to calculate RSA. HR
samples, which were collected every 10ms, were used to calcu-
late mean HR per 1-s period. A level detector was triggered at the
peakof eachR-wave.TheintervalbetweensequentialR-waveswas
calculated to the nearest millisecond. Data ﬁles of R-wave inter-
vals were later manually edited to remove incorrect detection of
the R-wave or movement artifacts. The software computes RSA
using respiration and interbeat interval (IBI) data as suggested by
Grossman (1983). The difference between maximum IBI during
expiration and the minimum IBI during inspiration was calcu-
lated. The difference, which is measured in seconds, is considered
to be a measure of RSA, and is measured twice for each respira-
tioncycle(onceforeachinspirationandonceforeachexpiration).
The time for inspirations and expirations is assigned as the mid-
point for each. The time for each arrhythmia sample is assigned
as the midpoint between an inspiration time and an expiration
time. The software synchronizes with respiration and is,thus,rel-
atively insensitive to arrhythmia due to tonic shifts in heart rate,
thermoregulation, and baroreceptor.
Average RSA was calculated for the 3-min baseline period,
for the puppet show, and for each arm restraint trial. The arm
restraint paradigm is a widely used, well-validated measure of
anger/frustration used to assess infant regulation and reactivity
(Goldsmith and Rothbart, 1988; Stifter and Braungart, 1995). In
this episode, the child was allowed to play with an attractive toy
for 30s, until the child was engaged with the toy. The caregiver
was asked to stand behind the child,place her hands on the child’s
forearms, move them to the child’s sides, and hold them there
for 30s, while maintaining a neutral expression. After the ﬁrst
trial, the caregiver was again asked to play with the child for
30s followed by a second trial. The session was stopped at the
caregiver’s request or if the child reached a maximum distress
code, deﬁned as the child reaching the highest intensity of nega-
tive affect of a full cry. This occurred for eight infants (ﬁve NCE
and three CE), who had RSA data set to missing. The child was
allowed to play with the toy at the end of the two trials. Because
there were no signiﬁcant differences in RSA between the two tri-
als, we created mean RSA for the two arm restraint trials. To
assess autonomic regulation,we calculated a change score for RSA
from baseline to arm restraint. Negative scores indicate a decrease
in RSA and are reﬂective of more optimal parasympathetic
regulation.
MATERNAL HARSHNESS
Maternal harshness was coded during speciﬁc segments of the
24-month observational assessments. These included a 10-min
mother–childfreeplayparadigm,a10-minclean-up,8-minstruc-
tured play, 10-min eating a snack, and 5-min emotion regulation
paradigm. Following previous studies (Keenan and Shaw, 1994),
this allowed for coding of maternal and child harshness across
varying levels of stress,from none (e.g.,during free play),to mod-
erate (clean-up), to higher levels of stress (emotion regulation
paradigm). For free play, mothers were asked to spend some time
with their children as they normally would at home in a room
withageappropriatetoys.Thiswasfollowedbytheclean-uppara-
digm.Motherswereaskedtohavetheirchildrenclean-upthetoys,
with the primary responsibility for toy clean-up being the child’s.
During snack, mother–child dyads were presented with a choice
of snacks and drinks and spent time eating, and looking at books
if theyﬁnishedeatingbefore10min.Thestructuredplaysituation
consisted of a series of goal oriented tasks (e.g., puzzles, sorting,
etc.). Mothers were asked to have the child complete each task.
During the 5-min emotion regulation paradigm, mother–child
dyadswereleftintheroomwithnotoysoractivitiestointerestthe
child. Mothers were asked to sit at a table and complete question-
naires. This situation is generally stressful for both mothers and
reﬂectiveofnaturalisticsituationswheretheymayhavecompeting
demands on their attention (Newby and Campbell,1999).
Harshness was coded on the basis of codes developed in pre-
vious studies (Cummings et al., 1989; Keenan and Shaw, 1994).
This included physical harshness (hitting, kicking, biting, push-
ing) directed toward a person (e.g., to mother or examiner from
child, to child from mothers); physical harshness directed toward
an object (e.g., banging, throwing, pounding toys); verbal harsh-
nessthatconsistsof cursing(useof obscenelanguageorgestures);
and verbal harshness that consists of threats (words used to attack
a person or threats of harm). Event coding of each aggressive
episode was triggered by the mother or the child displaying any
of these behaviors. Each episode was coded for duration or length
of time that episode lasted, and the highest rating of harshness
during that episode ranging from 1=none to 4=highly aggres-
sive. An overall rating of intensity of maternal and intensity of
child harshness was also coded along a 4-point scale ranging
from 1=no harshness to 4=severely aggressive. Average inten-
sity of verbal harshness (average or cursing and threat) ranged
f r o m1t o2( M =1.374, SD=0.26). Average intensity of phys-
ical harshness ranged from 1 to 2.25 (M =1.37, SD=0.28).
Average duration of verbal or physical harshness was 69.21s
(SD=96.72).Approximately 21% of mothers displayed no verbal
harshness and 21% displayed no physical harshness. The intensity
of verbal or physical harshness considered individually was low.
Thus, the ﬁnal variable for maternal harshness consisted of the
average intensity of overall harshness across the different types
of harshness, with higher scores indicating higher intensity of
harshness.
Two coders blind to group status rated mother and toddler
harshness. They were trained by the ﬁrst author until inter-rater
reliability criterion was reached (agreement of 90% or above).
Subsequently inter-rater reliability was established on 20% of
the tapes. Inter-rater reliability on average intensity of maternal
harshness was high (intra-class correlation of 0.87).
CHILD SELF-REGULATION AT 36MONTHS
The latent construct of self-regulation used in data analyses con-
sistedof threemeasuredindicators,twoeffortfulcontrolmeasures
(snack delay and prize delay) and an observational measure of
internalization of rules of conduct. The effortful control tasks
were taken from a battery of tasks developed by Kochanska et al.
(1996b) and Kochanska and Knaack (2003). These measures have
been used extensively in developmental studies, have high inter-
nal consistency, and high construct and predictive validity (see
Kochanska et al., 1996a; Zimmerberg and Gray, 1992). In the ﬁrst
task,snack delay,the child has to wait for the experimenter to ring
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a bell before retrieving an M and M from under a glass cup (four
trials: delays of 10, 20, 30, and 45s). Halfway through the delay,
the experimenter lifts the bell but does not ring it. Coding ranged
from 0 (eats the snack before the bell is lifted) to 4 (waits for the
bell to ring before touching cup or snack). The mean score on all
fourtrialswasusedastheeffortfulcontrolscoreonthistask.Inthe
second task, prize delay, the child is asked to sit on a chair facing
away from the table where the experimenter is noisily wrapping
the gift. The child is asked not to peek. The experimenter leaves
the room for 2min,asking the child not to touch the gift until she
returns. Coding involves a peeking score (on a three-point scale),
alatencytopeekscore,andlatencytotouchscore.Thescoreswere
standardized and the average of these three standard scores was
used as the composite measure for prize delay. Higher scores on
both composite measures indicated higher effortful control.
Observations of child internalization were conducted accord-
ing to the paradigm developed by Kochanska and her colleagues
(Kochanska and Aksan, 1995; Kochanska et al., 1996a). Mothers
were instructed to show the child a shelf with attractive objects
when they entered the observation room and to instruct the child
tonottouchthoseobjects.Mothersweretoldthattheycouldrepeat
thisprohibitionand/ortakewhateveractionstheywouldnormally
taketokeeptheirchildfromtouchingtheseprohibitedobjectsdur-
ing the hour-long session that followed (consisting of free play,
structured play, clean-up, reading, etc.). About an hour into the
observation session in the room with the prohibited objects, the
experimenter asked the mother to move to the front of the room.
A screen dividing the room in half was partially closed so that the
parent and the child were unable to see each other. The child was
asked to stay on the side of the divider containing the prohibited
objectsandsortplasticcutlerywhiletheexperimenterinterviewed
the mother on the other side of the room.
Children’sinternalizationofthematernaldirectivetonottouch
theobjectsontheprohibitedshelf wasassessedduringthe12-min
observationalparadigm(KochanskaandAksan,1995).Duringthe
ﬁrst3minof theinternalizationparadigm,thechildwasleftalone
with the cutlery task. At the end of this time, a female research
assistant unfamiliar to the child came in and played with the
prohibited objects with obvious enjoyment for 1min and then
left the room. Prior to leaving, she wound up the music box,
started the music, and replaced it on the shelf. The child was left
with the cutlery sorting for the next 8min. The child’s behavior
was coded for every 15s interval according to the coding cri-
teria developed by Kochanska and Aksan (1995), consisting of
six-point rating scales with 0=playing with prohibited objects in
a“wholehearted,”unrestrainedmannerto6=sortingcutlery.The
ﬁnal composite score for internalization was computed by taking
the average rating across the intervals. Internalization was coded
by two independent coders blind to group status and inter-rater
reliability was computed for 15% of the sample. Inter-rater reli-
ability for internalization was high (Intra-class correlation coefﬁ-
cient of 0.99). Conﬁrmatory factor analysis was conducted on the
three self-regulation measures: snack delay, prize delay, and inter-
nalization of rules. These three measures loaded on one factor
reﬂecting high self-regulation with factor loadings of 0.66, 0.44,
and 0.84 for snack delay, prize delay, and internalization of rules,
respectively.
DATA ANALYTIC STRATEGY
Group differences in demographics, perinatal risk characteris-
tics, maternal substance-use variables, and maternal and child
harshness were examined ﬁrst using ANOVAs or MANOVAs in
order to provide descriptive data and guide selection of poten-
tial covariates. MANOVAs were used when multiple theoretically
associated constructs were the dependent measures in order to
control for high Type I error rate. MANOVAs were used to exam-
inegroupbygenderinteractiononmaternalandchildharshnessto
examine the hypothesis that child gender may moderate the asso-
ciation between cocaine exposure and harshness. Demographic
or perinatal risk variables that were associated with both the
predictors and outcomes at p <0.10 were used as covariates in
subsequent analyses. Structural equations modeling (SEM) was
used to test the hypothesized model with infant autonomic reg-
ulation and maternal harshness as intervening variables between
maternal substance use and child behavior problems. SEM analy-
ses were conducted using Mplus, Version 5.2 software (Muthén
andMuthén,1998–2004)usingfull-informationmaximumlikeli-
hoodestimationprocedures(Arbuckle,1996).Indirecteffectswere
testedusingthebias-correctedbootstrapmethod.Thismethodhas
beenfoundtoprovideamoreaccuratebalancebetweenType1and
Type 2 errors compared with other methods used to test indirect
effects (MacKinnon et al., 2004). Five hundred bootstrap samples
and the 95% bias-corrected conﬁdence intervals (CIs) were used
to test signiﬁcance of indirect effects.
MISSING DATA
Asexpectedinanylongitudinalstudy,thereweresomeincomplete
dataforsomeof theparticipantsatoneormoreof thefourassess-
mentpointsincludedinthisstudy.Ofthe216mother–infantdyads
who completed the 4- to 8-week laboratory visit, 189 completed
the 7-month visit, and 177 completed the 24-month assessment,
and 165 completed the 36-month assessment. There were no sig-
niﬁcant differences between families with complete vs. missing
data at 36months on any demographic or substance-use variable.
As noted earlier, full-information maximum likelihood was used
to estimate model parameters.
RESULTS
DEMOGRAPHICS AND PERINATAL RISK
Results from MANOVA with the demographic variables as the
dependent measures and cocaine group status yielded a signiﬁ-
cantmultivariateeffectof groupstatus,F(4,210)=6.51,p <0.01.
Results from univariate analyses indicated that control group
mothers were younger, had lower parity, and higher occupation
compared to those in the cocaine group (see Table 1). Cor-
relational analyses with these demographic variables and child
self-regulation indicated no signiﬁcant associations. Thus, none
of the demographic variables were considered in model testing.
MANOVA with perinatal outcomes and obstetrical complica-
tions as the dependent measures yielded a signiﬁcant multivari-
ate effect of group status, F(4, 210)=12.43, p <0.01. Univari-
ate analyses indicated that CE infants had lower gestational age,
birth weight, birth length, and cocaine using mothers had higher
scores on the OCS compared to those in the control group (see
Table 1). Eleven percentage of CE infants (ranged from 33 to
Frontiers in Psychiatry | Child and Neurodevelopmental Psychiatry May 2011 | Volume 2 | Article 31 | 6Eiden et al. Cocaine exposure and child self-regulation
Table 1 | Group differences in demographic variables, birth outcomes, and substance use.
Exposure group Non-cocaine Cocaine F value Partial η2
M SD M SD
DEMOGRAPHICS
BM age 27 .77 5.60 30.82 6.11 14.57** 0.06
BM parity 3.22 1.70 4.15 2.39 10.75** 0.05
Years education 12.02 1.86 11.59 1.84 2.92 0.01
Maternal occupation 2.09 1.40 2.55 1.98 4.02* 0.02
BIRTH OUTCOMES
Gestational age (weeks) 39.34 1.24 38.59 1.85 11.97** 0.05
Birth weight (gms) 3328.84 504.41 2916.55 538.31 33.95** 0.14
Birth length (cm) 49.94 2.91 48.12 3.11 19.38** 0.08
Head circumference (cm) 33.60 1.39 33.07 2.10 4.61* 0.02
OCS 100.69 17 .43 86.24 15.18 42.21** 0.17
PRENATAL SUBSTANCE USE
Cigarettes/week 12.77 25.75 36.99 43.32 24.16** 0.10
Drinks/week 0.19 0.82 3.92 11.47 10.63** 0.05
Joints/week 1.45 7 .32 1.27 4.15 0.05 0.00
Days cocaine/week 0 0 0.94 1.58 35.42** 0.14
POSTNATAL SUBSTANCE USE
Cigarettes/week 22.75 37 .66 45.29 48.51 13.38 0.06
Drinks/week 20.65 22.89 18.13 26.46 0.50 0.00
Joints/week 6.97 22.26 6.72 14.63 0.008 0.00
Days cocaine/week 0 0 0.25 0.84 7 .00 0.03
Intensity of maternal aggression 1.63 1.09 2.09 1.34 5.90** 0.03
Baseline RSA 0.03 0.02 0.02 0.01 9.29** 0.06
RSA change −0.01 0.02 0.01 0.03 17 .85** 0.11
EC: snack delay 0.02 1.02 −0.02 0.98 0.06 0.00
EC: prize delay −0.02 0.99 0.02 1.01 0.06 0.00
Internalization of rules 0.04 0.98 −0.03 1.02 0.23 0.002
*p<0.05 **p<0.01. BM, biological mother; OCS, obstetrical complications scale score, high scores are more optimal; EC, effortful control. Postnatal substance-use
data are the average of substance use across all postnatal time points from 1 to 36months.
41weeks) and 3% of the control group infants (ranged from 36 to
42weeks) were preterm (<37weeks gestational age). CE infants
were signiﬁcantly more likely to have been preterm than con-
trol infants, Pearson chi-square=7.76, p <0.01. All testing was
conducted after age correction for prematurity. Infants ranged
from 1531 to 5072 grams at birth (M =3142.01, SD=567.33).
When these analyses were repeated after using gestational age as
covariate, the differences in birth weight and length remained
signiﬁcant (p <0.01). However, there were no signiﬁcant asso-
ciations between any of the perinatal risk variables and the child
self-regulation variables. MANOVA with child sex as the inde-
pendent variable and the three self-regulation variables as the
dependent measures indicated a signiﬁcant multivariate effect of
child gender, F(3, 161)=3.53, p <0.01. Univariate analyses indi-
cated that boys had lower scores on prize delay compared to girls
(M =−0.22and0.23,SD=0.78and1.14),andoninternalization
of maternal rules (M =3.84 and 4.38, SD=1.46 and 1.55). Thus,
child gender was included in model testing as a covariate in the
testing of the overall model, followed by multiple group analy-
ses to examine if there were gender differences in the pattern of
associations.
MATERNAL SUBSTANCE USE AND OTHER VARIABLES
Results from MANOVA with prenatal substance-use variables as
the dependent measures and group status as the independent
variable yielded a signiﬁcant multivariate effect of group status,
F(4, 211)=11.46, p <0.001. As expected, mothers in the cocaine
group were heavier users of cigarettes, alcohol, and cocaine dur-
ing pregnancy (see Table 1). There was no group difference in
marijuana use. These results remained unchanged when the 50
foster care mothers were excluded from the analyses. MANOVA
with foster care status as the independent variable and the three
childself-regulationvariablesasthedependentvariablesindicated
a signiﬁcant multivariate effect of foster care status on child self-
regulation, F(3, 161)=2.78, p <0.05. Univariate analyses indi-
cated that children in foster care had higher scores on prize delay
indicating higher effortful control on this measure (M =−0.10
and 0.48, SD=0.91 and 1.26). There were no signiﬁcant differ-
ences between biological care vs. foster care on maternal or child
aggressionforthesampleasawhole.However,fostercaremothers
ofcocaine-exposedchildrendisplayedlowerintensityofharshness
(M =1.45 vs. 2.28, SD=1.37 and 1.26). Thus, foster care status
was used as a covariate in model testing.
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GROUP DIFFERENCES IN SELF-REGULATION, MATERNAL HARSHNESS,
AND RSA CHANGE
MANOVA with cocaine group status as the independent vari-
able and child self-regulation variables at 3years as the dependent
variables indicated no signiﬁcant multivariate effect of group sta-
tus on self-regulation. Because the majority of children in foster
care were in the cocaine group, CE children in foster care were
compared with CE children in maternal care and NCE children in
maternal care. Results from ANOVA indicated a signiﬁcant effect
of cocaine and foster care status on prize delay, F(2, 162)=5.82,
p <0.01. Post hoc tests indicated that cocaine-exposed children
in foster care had higher effortful control scores on prize delay
(M =0.55, SD=1.28) compared to cocaine-exposed children in
maternal care (M =−0.24, SD=0.74) or control group children
(M =−0.01, SD=1.01). There were no group differences on
snack delay or internalization.
ANOVA with cocaine group status as the independent vari-
ableandintensityof maternalharshnessasthedependentvariable
indicated a signiﬁcant effect of cocaine group status. As indicated
in Table 1, cocaine using mothers displayed higher intensity of
harshness toward their children during interactions compared to
control group mothers. ANOVA with cocaine group status as the
independentvariableandRSAvariablesat7monthsasthedepen-
dent variables indicated a signiﬁcant effect of group status, with
CE infants displaying lower baseline RSA and on average a non-
adaptiveincreaseinRSAfrombaselinetonegativeaffecttaskwhile
infantsinthecontrolgroupdisplayedanadaptivedecreaseinRSA
from baseline to negative affect task (see Table 1). These results
remained unchanged with other maternal substance-use variables
ascovariates.Therewerenosigniﬁcantassociationsbetweenthese
variables and maternal postnatal alcohol, cigaret, marijuana, or
cocaine use. Baseline RSA was not associated with any other vari-
able in the model and results from model testing did not change
withorwithoutbaselineRSA.Thus,baselineRSAwasnotincluded
in the ﬁnal model.
MODEL TESTING
CorrelationsamongvariablesinthemodelaredepictedinTable 2.
At the bivariate level, cocaine group status was associated with
higher maternal harshness and with an increase in RSA from
baseline to arm restraint, but not with any of the child self-
regulation measures. Intensity of maternal harshness was asso-
ciated with lower effortful control (prize delay and snack delay)
and with lower internalization of maternal rules.
The hypothesized model tested included maternal harshness
and infant autonomic regulation as potential mediators or inter-
vening variables between maternal substance use during preg-
nancy and child self-regulation. The model also included the
covariance between maternal harshness and infant RSA change.
Foster care status and child gender were used as covariates in the
model. Goodness of ﬁt indices indicated that this hypothesized
model ﬁt the data well (χ2(23)=34.51, p =0.06, comparative
ﬁt index=0.95, root mean square error of approximation=0.05
(0.00, 0.08). This indirect effects model was contrasted with a
model that included a direct path from maternal cocaine use to
child self-regulation. Results indicated that the addition of this
direct path did not improve the ﬁt of the model,  χ2(1)=0.26,
p =NS.Thus,theﬁnalmodeldisplayedinFigure1didnotinclude
this direct path. The structural paths indicated that mothers in
the cocaine group displayed higher harshness during interactions
with their 2year olds, and higher maternal harshness toward the
child at 2years was associated with lower child self-regulation at
3years. Although prenatal cocaine exposure was associated with
poor autonomic regulation in infancy, autonomic regulation was
not associated with self-regulation at 3years. Foster care mothers
displayed lower harshness toward their children.
Our model included hypotheses about several indirect effects.
The association between maternal cocaine use and child self-
regulation via higher maternal harshness was statistically sig-
niﬁcant (B=−0.15, 95% CI: −0.285, −0.05), but the indi-
rect association via autonomic regulation during infancy was
non-signiﬁcant.
MODERATION BY CHILD GENDER
We examined moderation by child gender using multiple group
analyses in SEM. We ﬁrst examined ﬁt indices for a fully uncon-
strainedmodelforboysandgirlsandcomparedthisunconstrained
model with a fully constrained model. These two nested mod-
els were not signiﬁcantly different from each other,  χ2(11,
Table 2 | Correlations among variables included in model testing.
123456 7 8 9
1. Foster care status (0=none)
2. Cocaine group status (0=control) 0.42
3. Average #cigs/week 0.22 0.32
4. Average #drinks/week 0.07 0.21 0.34
5. Intensity of maternal aggression −0.14 0.18 0.15 0.13
6. RSA change 0.17 0.24 0.07 0.03 0.17
7 . Child gender 0.03 0.02 −0.08 −0.15 −0.25 −0.06
8. Snack delay 0.01 −0.02 0.02 0.01 −0.28 −0.05 0.04
9. Prize delay 0.23 0.02 0.02 −0.11 −0.26 0.00 0.22 0.27
10. Internalization of rules 0.06 −0.04 −0.02 −0.11 −0.32 −0.15 0.19 0.56 0.36
Correlations that are signiﬁcant at p<0.05 are in bold.
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FIGURE1|* p <0.05; **p <0.01.The indirect effects model (n =216).The numbers represent standardized path coefﬁcients. Non-signiﬁcant paths included
in the model are in gray.The covariances between the exogenous variables are depicted inTable 2.The error terms for the measured indicators are not depicted
in the ﬁgure.
N =216)=7.57, p >0.05. Thus, the pattern of associations
among variables did not vary for boys and girls.
DISCUSSION
The major purpose of this study was to test a conceptual model
examining potential direct and indirect associations between pre-
natal cocaine exposure and child self-regulation via maternal
harshnessandinfantautonomicregulation.Resultsweresupport-
iveof anindirecteffectsmodel,withmaternalcocaineusepredict-
inghighermaternalharshnessduringmother–toddlerinteractions
at2yearsof age.Highermaternalharshnessinturnwasassociated
with lower child self-regulation at 3years.
Contrarytoexpectations,resultswerenotsupportiveofadirect
association between prenatal cocaine exposure and child self-
regulation. Few studies have examined aspects of self-regulation
such as effortful control and internalization of rules among CE
compared to demographically similar NCE preschoolers. Results
with regard to other aspects of self-regulation have been fairly
mixed. A number of studies have reported no direct associations
between CE and other aspects of self-regulation (Bennett et al.,
2002; Accornero et al., 2006; Warner et al., 2006; Sheinkopf et al.,
2007; Yumoto et al., 2008; Bagner et al., 2009; Chaplin et al.,
2009). However, others have reported poorer performance on an
inhibitory control task at 5years of age (Bendersky et al., 2003),
poorer Stroop interference scores (Rose-Jacobs et al., 2009), and
more externalizing behavior problems (Bada et al.,2007;Richard-
son et al., 2009) for CE compared to NCE children. The studies
reporting no direct associations do however indicate that among
substance exposed samples, factors other than cocaine exposure
that are particularly prevalent in substance exposed samples may
predict aspects of self-regulation.
Thus,the second goal was to test a conceptual model hypothe-
sizingpotentialindirecteffectsbetweenprenatalcocaineexposure
and child self-regulation via higher maternal harshness and poor
autonomicregulationininfancy.Resultsindicatedthattherewasa
signiﬁcantindirectassociationbetweencocaineexposureandself-
regulation via maternal harshness, but not via poor autonomic
regulation in infancy. Results are supportive of previous studies
indicating that harsh parental discipline is a signiﬁcant predictor
of child behavior problems among CE children (Bennett et al.,
2002). The results are also similar to those obtained by Yumoto
etal.(2008)reportingthatforbehavioraloutcomessuchasaggres-
sion and delinquency, emotional responsiveness of the primary
caregiver and the emotional climate of the home were the most
important predictors. Results are also supportive of the larger lit-
eratureontheassociationbetweenharshparentingandpoorchild
outcomessuchasbehaviorproblems,aggression,andemotionreg-
ulation(Changetal.,2003;Callahanetal.,2011;Erathetal.,2011),
althoughseveralstudieshighlightassociationsmoderatedbychild
reactivity (e.g., Erath et al., 2011) or neighborhood disadvantage
(e.g.,Callahan et al.,2011). Potential moderators of these associa-
tions among cocaine-exposed children may be a fruitful direction
for further research. It is possible that the association between
cocaine exposure and child self-regulation via maternal harshness
is particularly salient for children with high temperamental risk.
In addition to human studies, animal models of cocaine
inducedmaternalneglectandaggressionmirrortheseresults.Ges-
tational cocaine treatment in rodents result in overtly aggressive
behaviortowardanintruder(Heyseretal.,1992;Johnsetal.,1994,
1998b). Moreover, subsequent disruption in maternal care and
increased aggression can be“transmitted” to next generation off-
spring either through prenatal exposure to cocaine or through the
rearing experience when reared by a cocaine treated dam (Johns
et al.,2005; McMurray et al.,2008).
TheresultthatCEchildreninfostercarehadthehighesteffort-
ful control scores on snack delay is contrary to previous reports
that CE children in foster care were rated by their caregivers as
having the highest rates of behavior problems (Linares et al.,
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2006). However, the results are similar to that reported by Brown
et al. (2004) indicating that CE children in foster care experi-
enced more optimal caregiving environments and were rated by
theircaregiversashavingfewerbehaviorproblemsat2yearsof age
comparedtoCEchildrenbybiologicalmothers.Thesemixedﬁnd-
ingsmaybeafunctionof variablessuchasdifferencesinqualityof
fostercare,kinvs.non-kincare,durationinfostercare,ornumber
of foster care placements. We did not have sufﬁcient sample size
of children in foster care to explore these differences systemati-
cally.Itmaybebeneﬁcialforfuturestudiestoexaminetheseissues
using pooled samples across different studies of prenatal cocaine
exposure.
Crossfosteringstudiesinrodentsnotonlysupportthatprenatal
cocaine exposure disrupts offspring behavioral development but
alsoshedslightonhowvitaltheearlyrearingenvironmentistooff-
springbehavioraldevelopment.Healthynon-drugexposedrodent
pupsrearedbygestationalcocainetreatedrodentdamsshowatyp-
ical patterns of maternal behavioral and aggression in adulthood
(Johnsetal.,2005;McMurrayetal.,2008),supportingthelonglast-
ing behavioral effects altered maternal care alone can have on off-
spring development. Recent data also indicates early problems in
infantphysiologicalregulationincocaine-exposedoffspringwhich
may be related to maternal response. Taken together with the
results from the present study, this set of ﬁndings emphasize that
the association between maternal cocaine use and poor maternal
behavior has long-term implications for child development.
Unlike maternal harshness, autonomic regulation in infancy
was not predictive of self-regulation at preschool age. Although
studiesexaminingassociationsbetweenautonomicregulationand
the aspects of self-regulation measured in this study are few in
number, poor autonomic regulation has been associated with
other aspects of self-regulation such as executive control (Mez-
zacappa et al., 1998), behavior problems (Porges et al., 1996;
El-Sheikh, 2005), and executive function tasks (Marcovitch et al.,
2010). With a few exceptions (e.g., Porges et al., 1996), the major-
ity of these ﬁndings are based on cross-sectional designs. Thus,
the lack of association between autonomic and self-regulation in
this study may be a function of the timing of measurement, since
autonomic regulation was measured in early infancy, while self-
regulation was assessed at 3years of age. Concurrent autonomic
measures or those closer in time to the preschool age may have
been more predictive of self-regulation. In one of the few studies
of autonomic regulation among CE children predicting adaptive
outcomes, Sheinkopf et al. (2007) reported that in the context of
high risk including prenatal exposure, children with consistently
lower RSA at 1 and 36months during attention tasks exhibited
more adaptive behaviors at 36months. In contrast, the results of
the current study were limited to autonomic regulation at one
point in time during infancy and we did not examine moderation
by infant autonomic regulation. Thus, it is possible that the asso-
ciationbetweencocaineexposureandself-regulationviamaternal
behavior may be particularly robust among children at higher
physiological risk.
Contrarytoexpectations,genderdidnotmoderatetheassocia-
tionbetweencocaineexposureandself-regulationorthepatternof
indirect associations via maternal harshness or autonomic regula-
tion.Theseresultsarenotsupportiveof studiesindicatingthatthe
effects of prenatal cocaine exposure on aspects of self-regulation
were particularly salient for boys (e.g., Dennis et al., 2006). Pre-
vious studies reporting interactive associations between gender
and prenatal substance exposure variables have been with ele-
mentary school aged children (Delaney-Black et al., 2004; Bailey
et al., 2005), and using teacher reports of behavior problems. It
is possible that the demand of the school context leads to higher
variabilityinaspectsofself-regulationsuchaschildbehaviorprob-
lems. Similarly, postnatal substance use was not associated with
self-regulationorwithparenting.Oneexplanationfortheseresults
may be that a large proportion of cocaine-exposed children were
placed in foster care, resulting in a smaller number of caregivers
who continued to use cocaine in the postnatal period.
The results from this study suggest several directions for future
research.Withregardtoanimalmodels,together,theeffectsofpre-
natal drug exposure and a more neglectful rearing environment
result in the most negative effects on offspring social maternal
behavior as adults (Johns et al., 2007). Differential alterations in
juvenile offspring social behavior have also been observed follow-
ing manipulation of the rearing conditions of the CE offspring.
Being grouped vs. singly housed after weaning differentially alters
social investigation of an unfamiliar juvenile pup in CE offspring
(Estelles et al., 2005) as does being raised in an enriched environ-
ment (Neugebauer et al.,2004). Testing whether exposure to high
levelsofmaternalaggressiondisruptsthesocialbehaviorofCErats
more than isolate housing or an impoverished environment could
further elucidate the salient factors in the rearing environment
that lead to deﬁcits in the social behavior of CE offspring. Altered
early rearing environment has been shown to result in sex differ-
ences in juvenile and adult behavior with these differences being
greater in males than females (Li et al., 2008). However studies
exploring sex differences and offspring behavioral outcomes cor-
related to altered maternal care is sparse and an area of research
thatneedsmoreattention.Inadditiontopotentialsexdifferences,
the role of foster care status in predicting self-regulatory outcome
isanimportantareaof inquiryinthehumanliterature.Individual
studies are often hampered by restricted sample size for investi-
gating differences related to exposure status and foster care status.
Perhaps pooling data from several studies with similar measures
would lead to greater statistical power to investigate if foster care
statusmoderatestheeffectofprenatalexposureonself-regulation.
This study has several limitations. First,accurate assessment of
substanceusebothprenatallyandpostnatallyisdifﬁcult.Pregnant
and postpartum women are often hesitant to divulge substance-
useinformation,particularlyillicitsubstancessuchascocaine.One
strength of this study is the use of multiple methods to ascertain
prenatal substance use which partially mitigated this limitation
eventhoughtheurinetoxicologyinformationwasabstractedfrom
medical records. A second important caveat of this study is that
self-regulation was measured in the laboratory context and was
limited to two measures of effortful control and observations of
internalization. On the one hand, it is possible that the gener-
alizability of these laboratory based measures is limited to this
context. On the other hand,these are objective,observation based
measures of self-regulation and do not have the method biases
associated with maternal report measures of self-regulation. Fur-
ther, these aspects of self-regulation in the preschool period are
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associated with disruptive behaviors in later childhood in low risk
as well as high risk samples (e.g., Eisenberg et al., 2005b; Eiden
et al.,2007).
In spite of these limitations, the study ﬁlls an important gap
in the literature on maternal cocaine use in the examination of
effortful control and internalization. An additional strength is the
consideration of multiple mediators that included both maternal
behavior and infant autonomic regulation. The results highlight
theroleofmaternalharshnessasasigniﬁcantmediatoroftheasso-
ciation between maternal cocaine use and child self-regulation in
the preschool years.
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